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CONCENTRIC MOTOR POWER
GENERATION AND DRIVE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

The subject matter disclosed herein 1s related to the subject
matter disclosed 1n U.S. application Ser. No. 12/953,033,
which was enfitled “CONCENTRIC MOTOR POWER
GENERATION AND DRIVE SYSTEM,” and which was
filed on Nov. 23, 2010. The entire contents of U.S. application
Ser. No. 12/ 953 ,033 are incorporated herein by reference.

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates to a concentric
motor power generation and drive system.

In many vehicles and, 1n particular, hybrid vehicles, power
transmission systems are used for converting mechanical
energy generated 1n an engine nto electrical energy that can
either be stored or converted back to mechanical energy that
can be employed for driving purposes. These power transmis-
s10n systems oiten include a generator rotor, which 1s driven
to rotate by a drive shaft that 1s rotatably coupled to an engine,
and a generator stator, which converts the rotor rotation nto
clectrical energy. This electrical energy 1s either stored by a
battery or transmitted to a drive stator, which induces rotation
of adrive rotor that1s, in turn, coupled to, for example, vehicle
wheels.

Typically, in conventional power transmission systems, the
generator elements and the drive elements are not mounted
together and may be, in fact, disposed at different parts of a
particular vehicle. Thus, there 1s a need to separately mount
these features 1n such a vehicle 1n relatively heavy and com-
plex arrangements. This leads to the vehicle itself being rela-
tively heavy and less fuel economical than 1t otherwise could

be.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the invention, an apparatus 1s
provided and includes a hub, including opposing faces, a first
sidewall fixed to the opposing faces to define a first interior
and a second sidewall fixed to one of the opposing faces to
define a second interior within the first interior, a first assem-
bly, disposed within the second interior, to generate current
from input mechanical energy, a second assembly, electri-
cally coupled to the first assembly and disposed within the
first interior, to generate mechanical energy to be transmitted
to external mechanical elements from current associated with
the current generated by the first assembly and first and sec-
ond couplings, the first coupling being disposed to mechani-
cally couple the first and second assemblies and the second
coupling being disposed to mechanically couple the second
assembly and the external mechanical elements.

According to another aspect of the invention, an apparatus
1s provided and includes a hub, including first and second
opposing faces, a first sidewall fixed at opposite ends thereof
to the first and second opposing faces to define a first interior
between the first and second opposing faces and a second
sidewall fixed to one of the first and second opposing faces to
define a second interior within the first interior, a first assem-
bly, disposed within the second interior, to generate current
from input mechanical energy, a second assembly, electri-
cally coupled to the first assembly and disposed within the
first interior, to generate mechanical energy to be transmitted
to external mechanical elements from current associated with
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the current generated by the first assembly and first and sec-
ond couplings. The first coupling 1s disposed to mechanically
couple the first and second assemblies. The second coupling
1s disposed to mechanically couple the second assembly and
the external mechanical elements. The input mechanical
energy 1s thus respectively transferable from the first assem-
bly to the second assembly and from the second assembly to
the external mechanical elements.

According to yet another aspect of the invention, an appa-
ratus 1s provided and includes a hub, including opposing
faces, a first sidewall fixed to the opposing faces to define a
first interior and a second sidewall fixed to one of the oppos-
ing faces to define a second interior within the first interior, a
first assembly, disposed within the second interior, to gener-
ate current from 1put mechanical energy, a second assembly,
clectrically coupled to the first assembly and disposed within
the first interior, to generate mechanical energy to be trans-
mitted to external mechanical elements from current associ-
ated with the current generated by the first assembly, a first
coupling disposed to mechanically couple the first and second
assemblies and a second coupling disposed to mechanically
couple the second assembly and the external mechanical ele-
ments, the second coupling being operable 1n an open condi-
tion 1n a power generation mode.

These and other advantages and features will become more
apparent from the following description taken 1n conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which is regarded as the invention 1s
particularly pointed out and distinctly claimed 1n the claims at
the conclusion of the specification. The foregoing and other
teatures, and advantages of the ivention are apparent from
the following detailed description taken 1n conjunction with
the accompanying drawings in which:

FIG. 1 1s a perspective view of a concentric motor power
generation and drive system apparatus;

FIG. 2 1s a view of the concentric motor power generation
and drive system apparatus taken along lines 2-2 of FIG. 1;

FIG. 3 1s a schematic circuit diagram of the concentric
motor power generation and drive system apparatus;

FIG. 4 1s a schematic circuit diagram of further embodi-
ments of the concentric motor power generation and drive
system apparatus;

FIG. 5 1s a schematic circuit diagram of further embodi-
ments of the concentric motor power generation and drive
system apparatus; and

FIG. 6 1s a schematic circuit diagram of further embodi-
ments of the concentric motor power generation and drive
system apparatus.

The detailed description explains embodiments of the
invention, together with advantages and features, by way of
example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIGS. 1-3, a concentric motor power
generation and drive system apparatus 10 1s provided. The
apparatus 10 includes a hub 11, a first assembly 12 and a
second assembly 13. The hub 10 includes first and second
opposing faces 20, 21, a first sidewall 22 fixed at opposite
ends thereot to the first and second opposing faces 20, 21 to
define a first interior 23 between the first and second opposing
faces 20, 21 and a second sidewall 24. The second sidewall 24
1s fixed to one of the first and second opposing faces 20, 21 to
define a second interior 25 within the first interior 23. The hub
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10 may therefore be a housing and may be rigidly affixed to an
engine, a drive power generation device or some similar type
of mounting.

The first assembly 12 1s disposed within the second 1nterior
25 and 1s configured to generate electrical current from 1nput
mechanical energy. By contrast, the second assembly 13,
which 1s electrically coupled to the first assembly 12, 1s dis-
posed within the first imterior 23 generally surrounding the
second sidewall 24 and 1s configured to generate mechanical
energy from current associated with the current generated by
the first assembly 12.

In accordance with embodiments, the first and second side-
walls 22 and 24 may each be substantially cylindrical and, in
some cases, substantially concentric with one another. The
first and second assemblies 12 and 13 may also be substan-
tially concentric with one another although portions of the
second assembly 13 may be axially displaced from the cor-
responding portions of the first assembly 12. For example,
where the second sidewall 24 1s fixed to the first face 20, an
end of the second assembly 13 corresponding to the second
face 21 protrudes axially from a corresponding end of the first
assembly 12.

With the arrangements described above, the first and sec-
ond assemblies 12 and 13 may each include rotor-stator
assemblies. For example, the first assembly 12 may include a
generator stator 30, which 1s fixedly connected to the second
sidewall 24 and an externally driven generator rotor 31 that 1s
operably disposed within a central region defined by the
generator stator 30. Rotation of the generator rotor 31 induces
a current 1n the generator stator 30. Where the apparatus 10 1s
installed 1n a vehicle, the apparatus 10 may further include a
drive power generation device 40, such as an engine, to drive
the rotation of the generator rotor 31 by way of a drive power
generation device shaft 41. In accordance with further
embodiments, it 1s to be understood that the first and second
assemblies 12 and 13 may each include various stages of, for
example, rotor-stator assemblies and, 1n this way, provide for
additional driving power and/or step-wise increases i driv-
ing power equivalent to gear-shifting.

The second assembly 13 may include a drive stator 50,
which 1s fixedly connected to the first sidewall 22, and a drive
rotor 51. The dnive rotor 51 1s operably disposed within a
central region defined by the drive stator 50. As such, current
applied to the drive stator 50 induces rotation of the drive
rotor 51. The rotation of the drive rotor 51 drives external
mechanical elements 60, such as drivable devices requiring
speed/torque modulation or wheels where the apparatus 10 1s
installed 1n a vehicle, via drive shaft 61. The current applied to
the drive stator 50 may be the current associated with the
current generated by the first assembly 12.

As shownin FIG. 3, the apparatus 10 further includes a first
inverter 70 and a second 1nverter 71. The first inverter 70 1s
clectrically coupled to the first assembly 12 and converts
alternating current (AC), which 1s generated by the first
assembly 12, as described above, into direct current (DC).
The second mverter 71 1s electrically interposed between the
first inverter 70 and the second assembly 13 and converts the
direct current produced by the first inverter 70 back to alter-
nating current that can be used to drive operations of the
second assembly 13. In accordance with further embodi-
ments, control provided by the first and second inverters 70,
71 can affect either or both of the magmitude and frequency of
the currents (AC or DC).

That 1s, 1n the example given above, as the drive power
generation device 40 causes the drive power generation
device shaft 41 to rotate, the rotation of the drive power
generation device shait 41 drives rotation of the generator
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rotor 31. The rotation of the generator rotor 31 induces an
alternating current 1n the generator stator 30. With the first
inverter 70 electrically coupled to the generator stator 30, this
alternating current 1s converted into direct current, which 1s
converted back to alternating current by the second inverter
71. With the drive stator 50 electrically coupled to the second
iverter 71, this alternating current 1s applied to the drive
stator 50 to cause the rotation of the drive rotor 31. Mechani-
cal energy of the rotation of the drive rotor 51 1s then trans-
ferred to the mechanical elements 60 via the drive shait 61.

In accordance with further embodiments and, with refer-
ence to FI1G. 4, the apparatus 10 may further include an energy
capture circuit 80. The energy capture circuit 80 1s electrically
interposed between the first and second assemblies 12 and 13
and 1s configured to capture electrical energy from the current
generated 1n at least the first assembly 12. The energy capture
circuit 80 includes the first inverter 70, as described above, the
second 1nverter 71, as described above, and a storage device
81, such as a battery or an ultra capacitor. The storage device
81 1s disposed 1n series with the first and second inverter 71 to
store electrical energy derived from output of the first inverter
70 or the second inverter 71 depending on which direction the
first and second 1nverters 70, 71 are commanded. Thus, one
inverter can be employed for charging the storage device 81
while the other 1s employed for driving power or both may be
employed for charging or driving.

During normal operations, drive power tlows from the
drive power generation device 40, through the first assembly
12, the first and second nverters 70, 71, the energy capture
circuit 80 and the second assembly 13 and to the mechanical
clements 60. During drive power generation device startup,
however, a polarity of the first inverter 70 can be reversed in
accordance with known methods such that drive power can
flow from the storage device 81 to the drive power generation
device 40. In this case, electricity stored 1n the storage device
81 1s transmitted to the first inverter 70 where 1t 1s converted
from direct current to alternating current. The alternating
current 1s then transmitted to the generator stator 30 to cause
the generator rotor 31 to rotate. The rotation of the generator
rotor 31 causes or assists with the startup of the drive power
generation device 40. In addition, during certain driving con-
ditions, such as downhill driving, the storage device can be
receptive of power from the second assembly 13. In this case,
a polanty of the second mverter 71 can be reversed and
mechanical energy of the mechanical element 61 can be con-
verted into alternating current by the second assembly and
then converted into direct current by the second nverter 71.
This direct current can be input to the storage device 81.

In accordance with still further embodiments and, with
reference to FIG. 5, the apparatus 10 may further include the
energy capture circuit 80, as described above with reference
to FIG. 4, such that charging of the storage device 81 1s
possible, and a first coupling 90. The first coupling 90
mechanically couples the first and second assemblies 12 and
13 such that at least a portion of the input mechanical energy
1s transterred from the first assembly 12 to the second assem-
bly 13. To this end, the first coupling 90 may include a first
clutch 91 that 1s respectively coupled to the first and second
assemblies 12 and 13. In these further embodiments, during
relatively high-speed travel, the ability to transier drive power
from the first assembly 12 and directly to the second assembly

13 via the first clutch 91 increases an efliciency of the appa-
ratus 10.

In accordance with still further embodiments and, with
reference to FIG. 6, the apparatus 10 may further include the
first clutch 91 of the first coupling 90 and a second clutch 101
of a second coupling 100. Where the first coupling 90
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mechanically couples the first and second assemblies 12 and
13 such that at least a portion of the input mechanical energy
1s transierable from the first assembly 12 to the second assem-
bly 13, the second coupling 100 mechanically couples the
second assembly 13 and the external mechanical elements 60
such that at least a portion of the mnput mechanical energy 1s
transierable from the second assembly 13 to the external
mechanical elements 60.

In a power generation mode, the second clutch 100 1s
operable 1 an open condition (i.e., the second clutch 1is
opened such that rotation 1s not transmitted to the external
mechanical elements 60) and one or both of the first and
second assemblies 12 and 13 is operable to generate power or
energy to be supplied to the storage device 81. That 1s, 1t the
first clutch 91 and the second clutch 100 are both opened
while the drive power generation device 40 1s operated, the
external mechanical elements 60 will not be driven and the
first assembly 12 will generate power or energy to be supplied
to the storage device 81. By contrast, 1f the first clutch 91 1s
closed and the second clutch 100 1s opened while the drive
power generation device 40 1s operated, the external mechani-
cal elements 60 will not be driven and the first and second
assemblies 12 and 13 will both be available to generate power
or energy to be supplied to the storage device 81.

In a case where the first clutch 91 and the second clutch 100
are both closed, the apparatus 10 will operate similarly as
described above with reference to FIG. 5. That 1s, at least a
portion of iput mechanical energy will be transferable from
the first assembly 12 to the second assembly 13 and, during
relatively high-speed operations of the apparatus 10, this can
increase an efliciency of the apparatus 10. With that said, one
or both of the first and second assemblies 12 and 13 may be
provided as induction or switch reluctance motors that can be
selectively turned on and off 1n accordance with current oper-
ating conditions. As such, with the first clutch 91 and the
second clutch 100 both closed, one or both of the first and
second assemblies may be turned off for relatively high effi-
ciency operations or on for relatively high power operations.
In an exemplary embodiment, such high power operations
may be particularly useful for cases in which engine down-
s1Zing 1s 1n effect and temporary high power operations (1.e.,
uphill driving or load transport) are required.

While the invention has been described 1n detail 1n connec-
tion with only a limited number of embodiments, 1t should be
readily understood that the mnvention 1s not limited to such
disclosed embodiments. Rather, the invention can be modi-
fied to incorporate any number of variations, alterations, sub-
stitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, 1t 1s to be under-
stood that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention 1s not
to be seen as limited by the foregoing description, but 1s only
limited by the scope of the appended claims.

The mvention claimed 1s:

1. An apparatus, comprising:

a hub, including opposing faces, a first sidewall fixed to the
opposing faces to define a first interior and a second
stdewall fixed to one of the opposing faces to define a
second 1nterior within the first interior;

a first assembly, disposed within the second interior, to
generate current from input mechanical energy;

a second assembly, electrically coupled to the first assem-
bly and disposed within the first interior, to generate
mechanical energy to be transmitted to external
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mechanical elements from current associated with the
current generated by the first assembly; and

first and second couplings, the first coupling being a clutch
disposed to mechanically couple the first and second
assemblies such that at least a portion of the nput
mechanical energy 1s transferable from the first assem-
bly to the second assembly and the second coupling
being a clutch disposed to mechanically couple the sec-
ond assembly and the external mechanical elements.

2. The apparatus according to claim 1, wherein at least one
or both of the first and second assemblies 1s provided as an
induction motor.

3. The apparatus according to claim 1, wherein at least one
or both of the first and second assemblies 1s provided as a
switched reluctance motor.

4. The apparatus according to claim 1, wherein the first
coupling clutch 1s respectively coupled to the first and second
assemblies.

5. The apparatus according to claim 1, wherein the second
coupling clutch is respectively coupled to the second assem-
bly and the external mechanical elements.

6. The apparatus according to claim 1, further comprising
an energy capture circuit electrically interposed between the
first and second assemblies to capture electrical energy from
the generated current.

7. The apparatus according to claim 1, further comprising,
a drive power generation device to provide drive power as the
input mechanical energy,

wherein the drive power 1s transferred from the first assem-
bly to the second assembly by the first coupling and from
the second assembly to the external mechanical ele-
ments by the second coupling.

8. An apparatus, comprising:

a hub, including opposing faces, a first sidewall {ixed to the
opposing faces to define a first interior and a second
sidewall fixed to one of the opposing faces to define a
second interior within the first interior;

a first assembly, disposed within the second interior, to
generate current from input mechanical energy;

a second assembly, electrically coupled to the first assem-
bly and disposed within the first interior, to generate
mechanical energy to be transmitted to external
mechanical elements from current associated with the
current generated by the first assembly;

first and second couplings, the first coupling being dis-
posed to mechanically couple the first and second
assemblies and the second coupling being disposed to
mechanically couple the second assembly and the exter-
nal mechanical elements; and

an energy capture circuit electrically interposed between
the first and second assemblies to capture electrical
energy from the generated current,

wherein at least one or both of the first and second assem-
blies are configured to supply energy to the energy cap-
ture circuit with the second coupling disposed 1n an open
condition.

9. An apparatus, comprising;

a hub, including first and second opposing faces, a first
stdewall fixed at opposite ends thereof to the first and
second opposing faces to define a {irst interior between
the first and second opposing faces and a second side-
wall fixed to one of the first and second opposing faces to
define a second interior within the first interior;

a first assembly, disposed within the second interior, to
generate current from input mechanical energy;

a second assembly, electrically coupled to the first assem-
bly and disposed within the first interior, to generate
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mechanical energy to be transmitted to external
mechanical elements from current associated with the
current generated by the first assembly; and

first and second couplings, the first coupling being dis-

posed to mechanically couple the first and second
assemblies and the second coupling being disposed to
mechanically couple the second assembly and the exter-
nal mechanical elements such that the input mechanical
energy 1s respectively transierable from the first assem-
bly to the second assembly and from the second assem-
bly to the external mechanical elements.

10. The apparatus according to claim 9, wherein at least
one or both of the first and second assemblies 1s provided as
an induction motor.

11. The apparatus according to claim 9, wherein at least
one or both of the first and second assemblies 1s provided as
a switched reluctance motor.

12. The apparatus according to claim 9, wherein the first
coupling comprises a clutch respectively coupled to the first
and second assemblies.

13. The apparatus according to claim 9, wherein the second
coupling comprises a clutch respectively coupled to the sec-
ond assembly and the external mechanical elements.

14. The apparatus according to claim 9, further comprising
an energy capture circuit electrically interposed between the
first and second assemblies to capture electrical energy from
the generated current.

15. The apparatus according to claim 14, wherein at least
one or both of the first and second assemblies are configured
to supply energy to the energy capture circuit with the second
coupling disposed 1n an open condition.
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16. The apparatus according to claim 9, further comprising
a drive power generation device to provide drive power as the
input mechanical energy,

wherein the drive power 1s transferred from the first assem-
bly to the second assembly by the first coupling and from
the second assembly to the external mechanical ele-
ments by the second coupling.

17. An apparatus, comprising;:

a hub, including opposing faces, a first sidewall fixed to the
opposing faces to define a first interior and a second
sidewall fixed to one of the opposing faces to define a
second 1nterior within the first interior;

a first assembly, disposed within the second interior, to
generate current from input mechanical energy;

a second assembly, electrically coupled to the first assem-
bly and disposed within the first interior, to generate
mechanical energy to be transmitted to external
mechanical elements from current associated with the
current generated by the first assembly;

a first coupling disposed to mechanically couple the first
and second assemblies; and

a second coupling disposed to mechanically couple the
second assembly and the external mechanical elements,
the second coupling being operable 1n an open condition
in a power generation mode.

18. The apparatus according to claim 17, further compris-
ing an energy capture circuit electrically interposed between
the first and second assemblies to capture electrical energy
from the generated current 1n the power generation mode.
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